Summary
The Restraint, fasting, transport and exposure to high or low environmental temperatures are typical stressors for animals. During stress, the hypothalamus-pituitary adrenal axis is activated and glucocorticoid hormone is released from the adrenal cortex (1). Glucocorticoid is essential for maintaining life and normal growth. However, excessive glucocorticoid causes growth inhibi tion, muscle proteolysis, fat deposition (2), induction of oxidative stress (3, 4) and immune system suppression (5). Thus, minimizing stress is important not only in humans but also in farm animals.
Several studies have shown that vitamin E reduces plasma glucocorticoid levels under different types of stress in rats (6) (7) (8) . However, the mechanism account ing for this reduction remains unknown.
The pathway in the adrenal cortex leading from a steroid precursor (cholesterol, CHOL) to glucocorticoids involves several different forms of cytochrome P-450. The rate-limiting reaction in this pathway is the side chain cleavage of CHOL to form pregnenolone (PREG) (9) . This step is catalyzed by cytochrome P-450scc (10) located on the matrix side of the inner membrane (11) , and is activated by adrenocorticotropic hormone (ACTH) (9) . Activity of this enzyme depends heavily on the amount of CHOL in adrenal glands (12) (13) (14) concentrations in the plasma and adrenal glands of chickens treated with and without ACTH are shown in Table 3 . Plasma and adrenal TOC levels in the ACTH(-) and ACTH(+) groups were markedly elevated by vita min E administration (p<0.0001) in a dose-dependent manner, and a significant effect of dietary vitamin E was shown by ANOVA. The plasma CHOL concentra tion was decreased by a high dose of vitamin E adminis tration in both ACTH(-) and ACTH(+) groups, and a significant effect of dietary vitamin E was shown by ANOVA. There was no significant difference in adrenal CHOL ester content between groups. However, the adre nal free CHOL content was decreased in the ACTH(+) group and it was further decreased in the ACTH(+) group with vitamin E administration, although that content was decreased in the ACTH(-) group with vita min E administration. ANOVA showed that the effects of ACTH and vitamin E on the adrenal free CHOL content were significant (p<0.0001). ACTH treatment in creased the adrenal PREG and PROD contents and vita min E administration minimized both increases, al though neither ACTH treatment nor vitamin E adminis tration had any significant effect on the adrenal DOC content (Fig. 1) . ANOVA showed that the effect of ACTH on the PREG and PROD contents and the effect of a combination of ACTH and vitamin E on the PREG con Analyses of steroids in the adrenal gland of chickens suggest that the decrease in CTC synthesis due to vita min E was caused by depletion of free CHOL in the adre nal gland.
Plaaaasma and adrenal TOC levels in the vitamin E-ad -ministered chickens (5,000mg/kg) with and without ACTH treatment were about 50-fold higher than their control levels. This is consistent with the findings of Leonhardt et al. (21) who showed that TOC accumula tion in tissues was greater in chickens than in other an imals. Although the plasma CHOL concentration in chickens treated with and without ACTH was decreased by a high dose of vitamin E (5,000mg/kg), the adrenal CHOL ester content was not changed by the vitamin E administration. However, the adrenal free CHOL con tent in chickens treated with and without ACTH was significantly decreased by vitamin E administration in a dose-dependent manner (Table. 3). The PREG/free CHOL ratio in the adrenal gland of chickens was clearly increased by ACTH treatment (Fig. 3-B) . This suggests that the decrease in free CHOL content due to ACTH in the adrenal gland of chickens may be caused by an in crease in PREG formation in the gland. However, vita min E administration did not change this ratio signifi cantly. Thus, it is obvious that the decrement of adrenal free CHOL content due to vitamin E was caused by the reduction of the formation of free CHOL from CHOL ester. The effect of vitamin E on the free CHOL/CHOL ester ratio in the adrenal gland of chickens was signifi cant, but that on the PREG/free CHOL ratio was not (Fig. 3) . The levels of adrenal PREG, PROG, DOC and CTC were all lowered by vitamin E administration in ACTH-treated chickens (Fig. 1) . These findings clearly indicate that the inhibition of CTC synthesis by vitamin E occurs at the step of free CHOL formation in the adre nal gland of chickens treated with ACTH. Although vi tamin E administration decreased adrenal free CHOL content in ACTH-untreated chickens, an inhibition of adrenal CTC synthesis was not shown, because adrenal PREG synthesis in the chickens was stimulated, but not significantly, by vitamin E administration ( Fig. 3-B) . Deficiency of CHOL leads to insufficient synthesis of adrenal steroid hormones (12) (13) (14) 35) . These observa tions are consistent with the findings in the present study.
The present investigation showed that a high dose of vitamin E minimizes the elevation of plasma CTC level due to ACTH in chickens, possibly by inhibiting the con version of CHOL ester to free CHOL in the adrenal gland. Measurement of activities of enzymes regulating this step in the adrenal gland, e.g., CHOL esterase and P -45Oscc, is in progress in our laboratory. Furthermore, our previous study has shown that CTC induces oxida tive stress and that this effect of CTC can be minimized by a high dose of vitamin E (7). Thus, the present study suggests that vitamin E works as a strong anti-stress agent.
